Migraine and depression have long been noted to co-occur and most studies suggest that the frequency of this phenomenon is greater than can be explained by chance. 1 However, there has also been long uncertainty about the specificity of the association between the two disorders, in that other forms of headache are also frequently associated with depression. 2 A recent review of studies carried out since the introduction of explicit and widely accepted diagnostic criteria for migraine and other forms of headache suggested that the specificity of the migraine-depression association remains unclear, and its authors concluded that no difference had been demonstrated between migraine patients and people with tension headache in terms of prevalence of psychopathology. 2 However, nearly all of the evidence on the relationship between migraine and depression is from studies on community-drawn samples or clinic-based samples of patients with headache, 2 rather than people with depression. Hence, we have set out to examine the strength and specificity of the relationship between depression and migraine on a large sample of people with recurrent depression, comparing them with a psychiatrically healthy control group.
Method Study population
The samples were collected primarily to participate in casecontrol genetic association studies. All participants were recruited in the UK. People who had experienced two or more episodes of depression were recruited from psychiatric clinics and hospitals (26%), general practice (46%) and through self-help groups and media advertisement (28%) during 2001-4. They were informed that the study was investigating the genetic bases of recurrent depression as well as its comorbidity with medical illnesses such as migraine. Potential participants were included if they were at least 18 years old and of White ethnic background, and were excluded if they had injecting drug dependence, depression occurring only in relation to substance misuse or medical illness, or a personal or family history of mania or mood-incongruent psychotic symptoms.
The control group was selected from among participants who had originally been recruited to the Genetic and Environmental Nature of Emotional States in Siblings (GENESiS) study. 3 This study recruited 34 371 individuals through general practices in England and Wales. Index participants were individuals registered with these practices in the age range 18-55 years who constituted the lowest 20% of the distribution on the Sham Composite Index of liability to depression and anxiety. 3 Those who responded positively to a postal invitation to participate in the current study and who had returned signed consent forms were then contacted by telephone, and the Past History Schedule was administered by trained research assistants (graduate psychologists). 4 Only those with no personal current or past psychiatric disorder and no family history of psychiatric illness in a first-degree relative were included in the study.
All participants gave written informed consent and the protocol was approved by the local ethics committees of the participating institutions.
Diagnostic instruments
All participants in the depression group were given a face-to-face semi-structured diagnostic interview by trained interviewers, the Schedule for Clinical Assessment in Neuropsychiatry (SCAN), 5 to establish the diagnosis of recurrent depression with symptoms rated for the worst and second worst episodes of depression. The SCAN interview was scored using the CATEGO5 6 Background An association between depression and headache is well established, but the specificity to migraine is unclear.
Aims
To investigate the specificity of the association of depression and migraine.
Method
People with recurrent depression (n=1259) were compared with psychiatrically healthy controls (n=851) to investigate headache defined according to International Headache Society criteria in each group.
Results
All headache types were more prevalent in the case group than in the controls. However, the strongest association was between depression and migraine with aura (OR=5.6). Among participants with recurrent headaches, migraine with aura (but not other forms of headache) was highly significantly associated with depression.
Conclusions
The data suggest that not only is there a general relationship between headache and depression but also that among people with recurrent headache there is a specific association between depression and migraine with aura. The association is likely to be explained by overlapping aetiological risk factors. assign ICD-10 and DSM-IV diagnoses. 7, 8 Recurrent depression was defined as a lifetime diagnosis of two or more episodes of illness fulfilling ICD-10 and/or DSM-IV criteria for major depression of at least moderate severity with clear inter-episode recovery or remission of at least 2 months duration. We also used the Beck Depression Inventory 9 (BDI) to assess depressive symptoms over the past week for both cases and controls.
Structured Migraine Interview
For the lifetime diagnosis of migraine, a short, structured questionnaire, the Structured Migraine Interview (SMI), was designed using International Headache Society criteria 10 and administered by telephone by research assistants trained in its use. Detailed questions were asked about the presence of headache, its severity, frequency, duration, site, character and aura, and associated symptoms. The interview consisted of ten questions to yield mutually exclusive categories of headache. The categories assumed a ranking order of severity, with migraine with aura considered to be the most severe form, followed by migraine without aura, probable migraine, other headache and, finally, no recurrent headache. The criteria for diagnosing each category are shown in the Appendix. The responses to the interview were entered into a diagnostic scoring program generated in Stata version 7 on Windows based on the International Headache Society criteria. 8 The validating characteristics of the SMI were determined by comparing the headache diagnosis derived from this questionnaire using the scoring program with the clinical diagnosis of a consultant neurologist in 41 patients attending the London Migraine Clinic. In addition, an examination of the test-retest reliability of the SMI-derived diagnoses over a mean of 3 years was performed for 20 participants.
Statistical analysis
Data were entered into the Statistical Package for the Social Sciences (SPSS) version 12 for Windows. Group comparisons of the lifetime prevalence of migraine and other headaches were performed using simple contingency table analyses and logistic regression. In the logistic regression analysis, significance was assessed using the Wald statistic.
Results
There were 1259 persons with recurrent depression recruited to the genetic case-control study, all of whom fulfilled ICD-10 and/or DSM-IV criteria for recurrent major depressive disorder. The mean age of this group was 47.3 years (s.d.=12.5, range 19-85). The control group (n=851) had a similar mean age of 47.9 years (s.d.=9.1, range 20-69). The majority of participants were women in both the case and control groups; however, there were significantly more women in the case group than in the control group (70% v. 56%; Pearson w 2 =47.4, d.f.=1, P50.0001). All the participants were White and lived in the UK. More than half of those in the case group had post-secondary school education compared with 44% of the control group; however, the majority of the control group were in active employment (81%) compared with only 46% of the case group. The case group had a slightly higher mean body mass index (BMI; 26.8 kg/m 2 ) than the control group (25.2 kg/m 2 ).
Validity and reliability of the SMI
Compared with a consultant neurologist's diagnoses in 41 patients with headache attending the London Migraine Clinic, the SMI-derived diagnoses had an excellent specificity (1.00) and modest sensitivity (0.66). In addition, for 20 of the participants with depression, the test-retest reliability of the 'lifetime ever' diagnosis of migraine was determined over a mean interval of 3 years (range 1-4). Spearman's correlation coefficient (rho) was 0.8 (P50.001).
Case-control comparisons Table 1 shows the distribution of various headache and migraine categories in both study groups using the SMI. All headache types were more prevalent in the case group (61.0%) than in the control group (31.6%). Broadly defined migraine (migraine with and without aura, and probable migraine) occurred more frequently in the case group (32.4% v. 12.8%; Pearson w 2 =105.4, d.f.=1, P50.0001).
Although the mean ages for cases and controls were similar, there were more older adults in the case group than in the control group. To investigate any significant difference in migraine rates in different age groups, the sample was divided into those under 60 years and those aged 60 years or older. No difference was detected in lifetime ever migraine rates for all participants 60 years old or over when interviewed, compared with those under 60 years old (w 2 =0.2, d.f.=1, P=0.69). Similarly, the lifetime ever reporting of migraine in the younger people with depression when interviewed was similar to that in the case group who were 60 years old or over (w 2 =3.2, d.f.=1, P=0.08).
Broadly defined migraine was twice as common in women (30%) than in men (15%) in the whole sample (Pearson w 2 =60.3, d.f.=1, P50.0001), and also occurred significantly more frequently in women in the case group compared with women in the control group (w 2 =53, d.f.=1, P50.0001). The prevalence of migraine and other headaches was estimated separately for each gender to examine for the effect of female overrepresentation in the case group. Both men and women in the case group had more than twice the rate of broadly defined migraine compared with controls ( Table 2) . The difference between cases and controls segregated by gender in the rates of each headache category was statistically significant (female: Pearson w 2 =98.1, d.f.=5, P50.0001; male: Pearson w 2 =66.04, d.f.=5, P50.0001). To investigate the significance of gender and headache type in migraine comorbidity with depression we performed a logistic regression analysis with case/control assigned as the dependent variable and headache types, BMI, education and employment plus gender as the explanatory variables. Table 3 shows the results of logistic regression analysis. All headache types, migrainous and non-migrainous, were positively associated with depression. The risk of developing migraine with aura in participants with depression was higher than the risk of other headache disorders. In addition, female gender was significantly associated with depression. Education level, employment and BMI were not significantly associated with depression. Non-migrainous
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Migraine in recurrent depression headache was modestly significantly associated with depression, but there were stronger associations with probable migraine, migraine with aura and -most strikingly -migraine without aura. In order to test for specificity of the association between migraine and depression we repeated the regression analysis excluding all participants (cases and controls) who did not experience any form of recurrent headache. The odds ratio (OR) for the association of migraine with aura and recurrent depression in this headache group was 2.0 (95% CI 1.3-3.2; Wald w 2 =8.8, d.f.=1, P=0.003). Other types of headache lost their significant association with depression, suggesting that the association is somewhat specific to migraine with aura. The results were also not significant for gender (OR=1.3, 95% CI 1.0-1.6; P=0.07).
Discussion
Our results are in keeping with many previous reports indicating a consistent association between migraine, other headaches and depression. Where our study differs from previous investigations is that the findings are based upon a large sample of clinically well-defined cases of recurrent depression compared with carefully screened psychiatrically healthy controls. This enabled us not only to assess the strength and significance of various types of headache with recurrent depression, but also allowed us to focus on those individuals (both cases of depression and controls) who experienced recurrent headaches in order to test for specificity of the association between migraine and depression. We found a highly significant and moderately strong overall effect such that participants with headache who also had recurrent depression were more likely than participants who had never been depressed to report migraine with aura. Interestingly, the strength of the effect as judged by odds ratios was, in ascending order, probable migraine, migraine without aura and migraine with aura -that is, the more 'classic' the pattern of the migraine symptoms, the more strongly they were associated with depression. Indeed, the odds ratio for the migraine with aura association with recurrent depression was 5.6 in all participants and 2.0 for the association between any type of headache and depression. Although high rates of depression have been reported in those experiencing migraine with aura compared with those having other types of migraine, 11 no previous study has explored the frequency of migraine with aura and other types of migrainous and non-migrainous headache in people selected for having recurrent depression. Furthermore, no previous study has been able to conclusively differentiate whether there is a particular association between migraine and depression as opposed to headaches generally. 2 The possible reasons for an association between migraine and depression cannot be conclusively decided on the basis of our results. However, some reasonable inferences can be made from the pattern of the findings and in the light of previous studies. Investigations of the temporal relationship between psychiatric and migraine symptoms have tended to find that anxiety symptoms precede those of migraine, [12] [13] [14] which in turn precedes depression. Although this could mean that recurrent migrainous headaches have a causal role in the development of later depressive symptoms, the data are by no means consistent and it is difficult to argue that the recurrent suffering resulting from migrainous headaches should be any more depressogenic than for headaches of other types. Other studies have suggested a bidirectional relationship between migraine and depression, with each disorder increasing the susceptibility for developing the other. However, this relationship, although consistent, remains poorly understood. 11 Another likely explanation is that there is a genetic-neurodevelopmental relationship between the disorders. Anxiety symptoms often precede those of depression, and twin studies suggest a large overlap between the genes predisposing to symptoms of depression and anxiety. 15, 16 No twin study in adults has examined the genetic overlap between depression and migraine, although Merikangas et al found evidence of transmission of both disorders in families ascertained through depressed probands, but were unable to distinguish formally between environmental and genetic effects. 17 Depressive disorder, especially that which is recurrent and severe enough to lead to impairment, is substantially heritable. 18, 19 Similarly, there appears to be an important genetic component in migraine, which is not confined to rare Mendelian subtypes. 1, 20 It is well known that antidepressants can be effective in the treatment of migraine, 21 adding another clue to the shared mechanisms between the two disorders. In addition, in support of the genetic relationship between migraine and depression, several candidate gene studies reported significant association between a C677T polymorphism in the methylenetetrahydrofolate reductase gene and migraine and depression. 22, 23 More family and twin studies examining both disorders are sorely needed.
It is also possible that retrospective rating of their headache symptoms by people with recurrent depression could have been influenced by their present mood. Indeed, we did find a small but significant correlation between scores on a self-report measure of present mood, the BDI, and number of symptoms reported on the SMI in cases but not in controls. However, BDI scores only contributed 3% of the variance in headache symptoms reported in cases and 0.4% in controls. We can also argue that our case group had a higher mean BMI than the control group, indicating a possible confounder to the association between migraine and being overweight. However, this interpretation is not plausible because evidence from large epidemiological studies found no specific relation between the diagnosis of migraine and BMI. 24 Other factors that may be considered are the differences in occupational status and education. Migraine has been reported to be more prevalent in lower socio-economic groups. 25 However, this relationship between migraine and level of income was not consistent in other studies outside the USA. 26 In addition, being psychiatrically healthy may potentially bias the migraine rates in the control group. This is not the case in our study, since the control group showed a similar migraine rate to that of the general population figures of 11.6% on average in European countries. 27 Another possible confounding effect is that migraine has been associated with increased cardiovascular risk factors and with high diastolic blood pressure, 28, 29 and in a previous analysis of the present data-set there was an excess of self-reported hypertension and heart disease in cases of depression compared with controls. 30 However, reports of an association between migraine and elevated blood pressure are inconsistent, 31, 32 and in our data there was no relationship between migraine and heart disease. There was a small significant correlation between migraine and self-reported hypertension, but this accounted for less than 1% of the variance.
Limitations
Our study has certain limitations, the most obvious of which is that neither the cases nor the controls were systematically ascertained. Just under half of the case group (46%) and all the control group were recruited from general practices in the UK. It can be argued that the different sources of recruitment of study cases could have confounded the results. It is expected that the majority of people with psychiatric disorders seek healthcare service in primary care, secondary care or both, and therefore a selection from all available sources will give a better representation of such individuals. Similarly, about a quarter of the cases were self-referred, reflecting a self-selection bias whereby such individuals might have been more inclined to report headache symptoms than others. However, we did not find a significant difference in migraine rates among cases recruited from different sources (general practice v. secondary care: w 2 =0.5, P=0.49; general practice v. self-referral: w 2 =0.1, P=0.83). In addition, it is unlikely that a volunteer bias would have led to an excess of participants with migraine rather than any other type of headache among the group with recurrent depression. Nor, indeed, would this be likely to explain the rank order effect in which migraine with aura had a stronger association with depression than migraine without aura, which in turn had a stronger association than probable migraine. Instead, we propose that this argues for a probable aetiological overlap that is likely to reflect the involvement of common neurochemical pathways. Indirect evidence that this may be so comes from observations that tricyclic and monoamine oxidase inhibitor antidepressants have efficacy in both disorders, implicating dysfunction in the serotonergic and adrenergic systems. 33, 34 Another possible limitation is that the clinical categories of migraine were based on a short, structured interview that clearly results in more conservative diagnoses than those of an experienced clinician. None the less, the SMI produced no false positive result compared with the clinician diagnoses and this makes it unlikely that some form of response bias was responsible for our observed migraine-depression association. Overrepresentation of women in the case group might also have confounded the results, since it is expected that migraine is more common in women than in men (rates two to three times higher have been reported). 26, 35 For migraine with aura the female : male ratio was 2 : 1 and for migraine without aura it was 7 : 1. 36 However, when the prevalence of migraine and other headaches was analysed on the basis of gender, female participants with depression had more than twice the rate of migraine compared with psychiatrically healthy women.
Future research
In conclusion, this study of a large sample of well-defined cases of recurrent depression and a psychiatrically healthy control group shows that among people who experience recurrent headache there is a significant association between migraine and depression. Furthermore, we have confirmed that the association is most striking with 'classic' migraine, particularly migraine with aura, and this, we propose, is most readily interpretable as reflecting shared aetiological factors. Given the important genetic contribution to both disorders, the search for genes common to depression and migraine is a promising route for future research. 4. Tension type and other headaches: recurrent headaches that do not fulfil the criteria for any form of migraine or probable migraine.
5. No recurrent headache.
